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USING EMBEDDED IDENTIFIERS WITH IMAGES 



Related Application Data 



[0001] This patent application is a continuation-in-part of U.S. Patent Application No. 
09/800,093, titled "Geo-Referencing of Aerial Imagery Using Embedded Image 
Identifiers and Cross-Referenced Data Sets," filed March 5, 2001. This patent 
application also claims the benefit of U.S. Provisional Application Nos. 60/284,163, filed 
April 16, 2001, titled "Watermark Systems and Methods," and 60/284,776, filed April 18, 
2001, titled "Using Embedded Identifiers with Images." Each of these patent 
applications is hereby incorporated by reference. 

Field of the Invention 
[0002] The present invention relates to image management and processing, and is 
particularly illustrated in the context of management of satellite and other aerial imagery. 



[0003] Acquisition of aerial imagery traces its history back to the Wright brothers, and 
is now commonly performed from satellite and space shuttle platforms, in addition to 
aircraft. 

[0004] While the earliest aerial imagery relied on conventional film technology, a 
variety of electronic sensors are now more commonly used. Some collect image data 
corresponding to specific visible, UV or IR frequency spectra (e.g., the MultiSpectral 
Scanner and Thematic Mapper used by the Landsat satellites). Others use wide band 
sensors. Still others use radar or laser systems (sometimes stereo) to sense topological 
features in 3 dimensions. Some satellites can even collect ribbon imagery (e.g., a raster- 
like, 1-demensional terrestrial representation, which is pieced together with other such 
adjacent ribbons). 



Background and Summary of the Invention 
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[0005] The quality of the imagery has also constantly improved. Some satellite 
systems are now capable of acquiring image and topological data having a resolution of 
less than a meter. Aircraft imagery, collected from lower altitudes, provides still greater 
resolution. 

[0006] Such imagery can be used to develop maps or models, such as Digital Elevation 
Models (DEM) and others. DEM, essentially, is an "elevation map" of the earth (or part 
thereof). One popular DEM is maintained by the U.S. Geological Survey and details 
terrain elevations at regularly spaced intervals over most of the U.S. More sophisticated 
DEM databases are maintained for more demanding applications, and can consider 
details such as the earth's pseudo pear shape, in addition to more localized features. 
Resolution of sophisticated DEMs can get well below one meter cross-wise, and down to 
centimeters or less in actual elevation. DEMs - with their elevation data - are sometimes 
supplemented by albedo maps (sometimes termed texture maps, or reflectance maps) that 
detail, e.g., a grey scale value for each pixel in the image, conveying a photographic-like 
representation of an area. 

[0007] (There is a large body of patent literature that illustrates DEM systems and 
technology. For example: U.S. Patent 5,608,405 details a method of generating a Digital 
Elevation Model from the interference pattern resulting from two co-registered synthetic 
aperture radar images. U.S. Patent 5,926,581 discloses a technique for generating a 
Digital Elevation Model from two images of ground terrain, by reference to common 
features in the two images, and registration-mapping functions that relate the images to a 
ground plane reference system. U.S. Patents 5,974,423, 6,023,278 and 6,177,943 
disclose techniques by which a Digital Elevation Model can be transformed into 
polygonal models, thereby reducing storage requirements, and facilitating display in 
certain graphics display systems. U.S. Patents 5,995,681 and 5,550,937 detail methods 
for real-time updating of a Digital Elevation Model (or a reference image based thereon), 
and are particularly suited for applications in which the terrain being mapped is not static 
but is subject, e.g., to movement or destruction of mapped features. The disclosed 
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arrangement iteratively cross-correlates new image data with the reference image, 
automatically adjusting the geometry model associated with the image sensor, thereby 
accurately co-registering the new image relative to the reference image. Areas of 
discrepancy can be quickly identified, and the DEM/reference image can be updated 
accordingly. U.S. Patent 6,150,972 details how interferometric synthetic aperture radar 
data can be used to generate a Digital Elevation Model. Each of these patents is hereby 
incorporated by reference.). 

[0008] From systems such as the foregoing, and others, a huge quantity of aerial 
imagery is constantly being collected. Management and coordination of the resulting 
large data sets is a growing problem. Integrating the imagery with related, often adjacent, 
imagery, and efficiently updating "stale" imagery is also a problem. 

[0009] In accordance with one aspect of the present invention, digital watermarking 
technology is employed to help track such imagery, and can also provide audit trail, 
serialization, anti-copying, and other benefits. 

[0010] In accordance with another aspect of the invention, data imagery, including 
images having unique features, is pieced together using embedded data or data indexed 
via embedded data. In accordance with still another aspect of the present invention, a so- 
called "geovector" is carried by or indexed with a digital watermark. 

[0011] The foregoing and additional features and advantages of the present invention 
will be more readily apparent from the following detailed description with reference to 
the following figures. 

Brief Description of the Drawings 



[0012] Fig. 1 illustrates imagery, which is segmented into image patches. 
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[0013] Figs. 2a and 2b illustrate a correlation of image patches. 

[0014] Fig. 3 is a flow diagram illustrating an image management method according to 
one aspect of the present invention. 1 

[0015] Fig. 4 is a flow diagram illustrating a method of embedding a geo vector in 
image data. 

[0016] Fig. 5 is a flow diagram illustrating a method of decoding an embedded 
watermark to access a database. 



[0017] For expository convenience, the following section focuses on satellite and aerial 
"imagery" to illustrate the principles of the invention. The principles of the invention, 
however, are equally applicable to other forms of aerial surveillance data and other 
topographic/mapping information. Accordingly, the term "image" should be used to 
encompass all such other data sets, and the term "pixel" should be construed to 
encompass component data from such other data sets. 

[0018] When new aerial imagery is received, it is generally necessary to identify the 
precise piece of earth to which it corresponds. This operation, termed "georeferencing" 
or "geocoding," can be a convoluted art and science. 

[0019] In many systems, the georeferencing begins with a master reference system 
(e.g., latitude and longitude) that takes into account the earth's known deformities from a 
sphere. Onto this reference system the position of the depicted region is inferred, e.g., by 
consideration of the satellite's position and orientation (ephemeris data), optical attributes 
of the satellite's imaging system (e.g., resolution, magnification, etc.), and models of the 
dispersion/refraction introduced by the earth's atmosphere. 



Detailed Description 
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[0020] In applications where precise accuracy is required, the foregoing, "ephemeris," 
position determination is refined by comparing features in the image with the placement 
of known features on the earth's surface (e.g., buildings and other man-placed objects, 
geological features, etc.) and compensating the georeference determination accordingly. 
Thus, for example, if the actual latitude and longitude of a building is known (e.g., by 
measurement from a ground survey - "ground truth"), and the corresponding latitude and 
longitude of that building as indicated in the georeferenced satellite imagery is different, 
the reference system applied to the satellite data can be altered to achieve a match. 
(Commonly, three or more such ground truth points are used so as to assure accurate 
correction.) 

[0021] Ground-truthing is a tedious undertaking. While computer methods can be used 
to facilitate the process, the best ground truth correction of imagery generally requires 
some human involvement. This is impractical for many applications. 

[0022] As shown in Fig. 1, aerial imagery can be segmented into area sets (e.g., image 
"patches"). These patches can be pieced together (or "composited") in a quilt-like 
manner to form a master map. (A "master" map is used generally herein to represent a 
map or other area representation, typically which will include a plurality of image 
patches. Image patches are defined broadly and may include image segments, 
photographs, separate images, etc.). An image patch may include imagery representing 
an area, such as a 1 x 1 meter area, a 1 x 1 kilometer area, etc. Often, an image patch is 
combined with adjacent patches, which were gathered on different dates. For example, 
an image taken last week (e.g., Patch C in Fig. 1) may be quilted together with image 
patches taken today (e.g., Patch B), or a year ago (e.g., Patch A), to form a larger area 
map. Also, patches may be replaced over time to reflect new area developments or 
movements. (Of course, a master map need not be physically pieced together, but may 
instead be electronically maintained by a computer database, which correlates the patches 
or stores information, e.g., coordinates, patch locations, etc.). 
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[0023] Similarly, image patches can be pieced together with other images taken from 
different aerial platforms (e.g., satellites, airplanes, unmanned aircraft, etc.) or taken with 
different imagery characteristics. (Imagery characteristics may include resolution, angle, 
scale, rotation, skew, time, azimuth, device characteristics, altitude, attitude, physical 
conditions such as cloud cover and magnification, etc.) 

[0024] Images typically undergo auto-correlation processes to reconcile differences 
between adjacent patches, prior to being composited (or arranged) with other patches. A 
variety of known mathematical techniques can be utilized in this operation, including dot 
product computation, transforming to spatial frequency domain, convolution, etc. In a 
lay sense, the correlation can be imagined as sliding one map over the other or matching 
pieces in a puzzle-like fashion until the best registration between the two image patches is 
obtained. / r 



[0025] Now consider a geo-referencing example. A new satellite image is acquired 
corresponding to part of a region represented by a master map. The particular terrain 
depicted by the satellite image can be inferred from ephemeris and other factors, as noted 
above. By such techniques, the location of the depicted image on the earth's surface 
(e.g., the latitude and longitude of a point at the center of the image) may be determined 
within an error of, say 5 - 500 meters. This is a gross geo-referencing operation. 

[0026] Next a fine geo-referencing operation is automatically performed, as follows. 
An excerpt of a master map is retrieved from a database - large enough to encompass the 
new image and its possible placement error (e.g., an area centered on the same 
latitude/longitude, but extending 250 meters further at each edge). A projective image is 
formed from this master DEM/map excerpt, considering, e.g., the satellite's position and 
atmospheric effects, thereby simulating how the master map would look to the satellite, 
taking into account - where possible - the particular data represented by the satellite 



no 




02301 




SWS:lmp P0477 10/23/01 



-7- 



EXPRESS MAIL EL 818267655 US 



image, e.g., the frequency bands imaged, etc. (An albedo map may be back-projected on 
the 3D DEM data in some arrangements to augment the realism of the projective image.). 

[0027] The projective image formed from the master DEM/map excerpt differs 
somewhat from the image actually acquired by the satellite. This difference is due, in 
part, to the error in the gross geo-referencing. (Other differences may arise, e.g., by 
physical changes in the region depicted since the master DEM/map was compiled.). 



[0028] The projective image is next automatically correlated with the satellite image. 
From the correlation operation, the center-to-center offset between the excerpt of the 
master DEM/map, and the satellite image, is determined. The satellite image can thereby 
be accurately placed in the context of the master map. Depending on system parameters, 
a fine placement accuracy of, e.g., between 5 cm and 5 meters (i.e., sub-pixel accuracy) 
may be achieved. 

[0029] (In some embodiments, affine transformations can be applied to the image data 
to further enhance the correlation. E.g., particular geological or other features in the two 
data sets can be identified, and the satellite data (e.g., map or image) can then be affine- 
transformed so that these features correctly register.). 

[0030] With the satellite image thus finely geo-referenced to the master DEM/map, it 
can be transformed (e.g., resampled) as necessary to correspond to the (typically 
rectilinear) reference system used in the master map, and then used to refine the data 
represented in the map. Buildings or other features newly depicted in the satellite image, 
for example, can be newly represented in the master map. The master map can be 
similarly updated to account for erosion and other topological changes revealed by the 
new satellite image. 

[0031] In one embodiment, the finely geo-referenced satellite data is segmented into 
region or area sets, e.g., rectangular patches corresponding to terrain 1000 meters on a 
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side, and each patch is given its own weighting factor, etc. In a system with 10 meter 
resolution (i.e., a pixel size of 10m 2 , the patch thus comprises an array of 100 x 100 
pixels. (In some embodiments, the fine geo-referencing is done following the 
segmentation of the image, with each patch separately correlated with a corresponding 
area in the master map.) Each patch may take the form of a separate data file. 



[0032] When the new satellite data is added to update the master map, old data may be 
discarded so that it no longer influences the map. Consider an area that is imaged 
monthly by a satellite. Several months' worth of image data may be composited to yield 
the master map (e.g., so cloud cover that obscured a region in the latest fly-over does not 
leave part of the map undefined). As each component image data gets older, it may be 
given less and less weight, until it no longer forms any part of the master map. (Other 
component data, in contrast, may be retained for much longer periods of time. Map 
information collected by ground surveys or other forms of "ground truth" information 
may fall into this category.). 



[0033] The master map may be physically maintained in different ways. In one 
exemplary arrangement, a database stores the ten sets of data (e.g., acquired from 
different sources, or at different times) for each 1000 x 1000 meter patch. When 
interrogated to produce a map or other data, the database recalls the 10 data sets for each 
patch, and combines them on the fly according to associated weighting factors and other 
criteria (e.g., viewing angle) to yield a net representation for that patch. This composite 
patch is then combined (e.g., graphically stitched) with other adjoining, similarly formed 
composite patches, to yield a data set representing the desired area. 



[0034] In another embodiment, the component sets of image data are not separately 
maintained. Rather, each new set of image data is used to update a stored map. If the 
new image data is of high quality (e.g., good atmospheric seeing conditions, and acquired 
with a high resolution imaging device), then the new data may be combined with the 
existing map with a 20/80 weighting (i.e., the existing map is given a weight four-times 
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that of the new data). If the new image data is of low quality, it may be combined with 
the existing map with a 5/95 weighting. The revised map is then stored, and the new data 
needn't thereafter be tracked. 

[0035] (The foregoing examples are simplifications, but serve to illustrate a range of 
approaches.) 

[0036] The former arrangement - with the component data stored - is preferred for 
many applications, since the database can be queried to yield different information. For 
example, the database can be queried to generate a synthesized image of terrain, as it 
would look at a particular time of day, imaged in a specified IR frequency band, from a 
specified vantage point. 

[0037] It will be recognized that a key requirement — especially of the former 
arrangement - is a sophisticated data management system. For each data set representing 
a component 1000 x 1000 meter patch stored in the database, a large quantity of ancillary 
data (meta data) must be tracked. Among this meta data may be a weighting factor (e.g., 
based on seeing conditions and sensor attributes), an acquisition date and time (from 
which an age-based weighting factor may be determined), the ID of the sensor/satellite 
that acquired that data, ephemeris data from the time of acquisition, the frequency band 
imaged, the geo-referenced position of the patch (e.g., latitude/longitude), etc., etc. 
(Much of this data may be common to all patches from a single image.). 

[0038] Classically, each component source of data to the system (here referred to as an 
"image" for expository convenience) is associated with a unique identifier. Tapes and 
data files, for example, may have headers in which this identifier is stored. The header 
may also include all of the meta data that is to be associated with that file. Or the 
identifier can identify a particular database record at which the corresponding meta data 
is stored. Or hybrid approaches can be used (e.g., the header can include a file identifier 
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that identifies a data base record, but also includes data specifying the date/time of data 
acquisition). 

[0039] In the final analysis, any form of very reliable image identification may suffice 
for use in such a system. The header approach just discussed is straightforward. 
Preferable, however, is to embed one or more identifiers directly into the image data itself 
(i.e., "in band" steganographic encoding using digital watermarking). A well-designed 
watermarking name-space can in fact become a supra-structure over several essentially 
independent serial numbering systems already in use across a range of satellite sources. 
Moreover, rudimentary georeferencing information can actually be embedded within the 
watermark name-space. 

[0040] For example, on initial acquisition, an initial digital watermark can be applied to 
satellite imagery detailing the ephemeris based gross georeferencing. Once the image has 
been finely georeferenced, the existing watermark can either be overlaid or overwritten 
with a new watermark containing the georeferencing information (e.g., "center lat: 
N34.4324352, long: W87.2883134; rot fromN/S: 3.232; x2.343, y2.340, dxO.123, dy493, 
etc."). These numbers essentially encode georeferencing information including 
projective and atmospheric distortions, such that when this image is corrected, high 
accuracy should be achieved. 

[0041] The assignee's U.S. Patent No. 6,122,403, and pending U.S. Patent Application 
No. 09/503,881, detail suitable digital watermarking techniques in which values of pixels, 
e.g.; in a 100 x 100 pixel patch, can be slightly altered so as to convey a plural-bit 
payload, without impairing use of the pixel data for its intended purpose. (This patent 
and patent application are hereby incorporated by reference.). The payload may be on the 
order of 50 - 250 bits, depending on the particular form of encoding (e.g., convolution, 
turbo, or BCH coding can be employed to provide some error-correcting capability), and 
the number of bits per pixel. Larger payloads can be conveyed through larger image 
patches. (Larger payloads can also be conveyed by encoding the information is a less 
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robust fashion, or by making the encoding more relatively visible.). The watermark 
payload can convey an image identifier, and may convey other meta data as well. In 
some systems, the component image files are tagged both by digital watermark identifiers 
and also by conventional out-of-band techniques, such as header data, thereby affording 
data redundancy. Of course, there are many watermarking techniques known to those 
skilled in the art, and such may be suitably interchanged with the above-cited patent 
documents. 

[0042] Watermarking may be performed in stages, at different times. For example, an 
identifier can be watermarked into an image relatively early in the process, and other 
information (such as finely geo-referenced latitude/longitude) can be watermarked later. 
A single watermark can be used, with different payload bits written at different times. (In 
watermark systems employing pseudo-random data or noise (PN), e.g., to randomize 
some aspect of the payload' s encoding, the same PN data can be used at both times, with 
different payload bits encoded at the different times.) 

[0043] Alternatively, different watermarks can be applied to convey different data. The 
watermarks can be of the same general type (e.g., PN based, but using different PN data). 
Or different forms of watermark can be used (e.g., one that encodes by adding an overlay 
signal to a representation of the image in the pixel domain, another that encodes by 
slightly altering DCT coefficients corresponding to the image in a spatial frequency 
domain, and another that encodes by slightly altering wavelet coefficients corresponding 
to the image. Of course, other watermarking techniques may be used as suitable 
replacements for those discussed above.). 

[0044] In some multiple-watermarking approaches, a first watermark is applied before 
the satellite image is segmented into patches. A later watermark can be applied after 
segmentation. (The former watermark is typically designed so as to be detectable from 
even small excerpts of the original image.) 
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[0045] A watermark can be even applied by the imaging instrument. In some 
embodiments, the image is acquired through an LCD optical shutter, or other 
programmable optical device, that imparts an inconspicuous patterning to the image as it 
is captured. (One particular optical technique for watermark encoding is detailed in U.S. 
Patent No. 5,930,369, which is hereby incorporated by reference.). Or the watermarking 
can be effected by systems in the satellite (or other aerial platform) that process the 
acquired data prior to transmission to a ground station. In some systems, the image data 
is compressed for transmission - discarding information that is not important. The 
compression algorithm can discard information in a manner calculated so that the 
remaining data is thereby encoded with a watermark. 

[0046] The ground station receiving the satellite transmission can likewise apply a 
watermark to the image data. So can each subsequent system through which the data 
passes. 

[0047] As indicated, the watermark(s) can identify the imaging system, the date/time of 
data acquisition, satellite ephemeris data, the identity of intervening systems through 
which the data passed, etc. One or more watermarks can stamp the image with unique 
identifiers used in subsequent management of the image data, or in management of meta 
data associated with the image. 

[0048] A watermark can also serve a function akin to a hyperlink, e.g., as detailed in 
U.S. Patent Application No. 09/571,422, which is hereby incorporated by reference. For 
example, a user terminal can permit an operator to right-click on a region of interest in a 
displayed image. In response, the system can respond with a menu of options - one of 
which is Link Through Watermark(s). If the user selects this option, a watermark 
detection function is invoked that decodes a watermark payload from the displayed image 
(or from a portion of the image in which the operator clicked). Using data from the 
decoded watermark payload, the terminal interrogates a database for a corresponding 
record. That record can return to the terminal certain stored information relating to the 
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displayed image. For example, the database can present on the terminal screen a listing 
of hyperlinks leading to other images depicting the same area. By clicking on such a 
link, the corresponding image is displayed. Or the database can present, on the user 
terminal screen, the meta-data associated with the image. 

[0049] In some embodiments, watermarks in component images may carry-through into 
the master DEM/map representation. If an excerpt of the master DEM/map is displayed, 
the user may invoke the Link Through Watermark(s) function. Corresponding options 
may be presented. For example, the user may be given the option of viewing each of the 
component images/data sets that contributed to the portion of the master map being 



[0050] (It will be recognized that a variety of user interface techniques other than right- 
clicking, and selecting from a menu of options thereby displayed, can be employed. That 
interface is illustrative only.) ' 

[0051] In some embodiments, a watermark can be applied to each DEM/map from the 
master database as it is retrieved and output to the user. The watermark can indicate (i.e., 
by direct encoding, or by pointing to a database record) certain data related to the 
compiled data set, such as the date/time of creation, the ID of the person who queried the 
database, the component datasets used in preparing the output data, the database used in 
compiling the output data, etc. Thereafter, if this output data is printed, or stored for later 
use, the watermark persists, permitting this information to be later ascertained. 

Correlating Images with Watermarks 

[0052] With reference to Fig. 2a and 2b, watermarks can assist in correction or 
correlating imagery characteristics (e.g., such as scale, rotation, resolution, skew, time- 
matching, etc.). For example, an embedded watermark payload may indicate the angle of 
the imaging device (e.g., optical camera, imaging sensor, etc.), the height to the imaging 
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device, the relative position (e.g., skew, rotation, etc.) of the device with respect to a 
target area, and the resolution of the device and image. (Such measurements can be 
provided from sensing and positioning equipment on board or in communication with the 
aerial platform. Such characteristics may be alternatively determined by the 
georeferencing techniques discussed above. Of course, other imagery characteristic 
determining techniques may be suitably interchanged with the present invention.). 
Returning to Figs 2a and 2b, imagery characteristics provide information to help 
manipulate patches A and B (Fig. 2a) into a standardized or compatible format (Fig. 2b). 
Information pertaining to the imaging characteristics can be used to improve and expedite 
the auto-correlation processes discussed above. In addition, once the imaging 
characteristics are known, straightforward processing can manipulate an image patch to 
conform to adjacent patches (or to the map itself). For example, some or all of the 
patches in a master map are mathematically manipulated to achieve the same scale, 
orientation, and/or resolution. 

[0053] With respect to a watermark payload, the imaging characteristics can be directly 
encoded as the watermark payload. Alternatively, an index (or identifier) associated with 
a set of these characteristics may be encoded in the payload. To illustrate, a numerical 
code or index represents a set possible imagery characteristics (or a subset of such). The 
imagery characteristics are stored in a data base record. The code or index, once 
extracted from a watermark, is used to interrogate a database to obtain the corresponding 
data record. (As an alternative, a payload signifies a predetermined set of values, e.g., a 
payload of 1237 signifies a predetermined scale, rotation, skew, etc. Or the index relates 
to a predetermined range of characteristics. For example, the range may specify that the 
scale is in a particular range, or that the resolution falls within a range, etc.). A 
watermark payload size and complexity can be reduced with a database/index system. 



[0054] Embedding imagery characteristic in the form of a digital watermark assists in 
downstream processing and handling of an image. An automated-quilting process can be 
employed to match patches according to the georeferencing and/or imagery 
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characteristics provided by a digital watermark. These georeferencing and/or imagery 
characteristics can also serve to preserve the historic information about the image and 
depicted area. Individual patches can also be watermarked to include coordinates or 
master map locators. With reference to Fig. 1, patch E may include coordinates or a 
plurality of coordinates that identify its master map location, coordinates for corners or 
edges (e.g., either physical geo-coordinates or coordinates relative to its master map 
location), or its relationship with adjacent patches. Such a locator can be added once a 
master map is composited (e.g., by watermarking the master map). Alternatively, such 
locators can be embedded before quilting, such as when imagery is collected or 
processed. 



[0055] A time-tag (or stamp) may also be embedded in imagery. The time-tag can be 
used to categorize images based on time (e.g., hour, minutes, date, etc.), and to help 
identify stale or outdated imagery. The time-tag may optionally include a plurality of 
fields, such as time-taken, time processed, time integrating in a master map, etc. Such 
time-tagging methods improve management of images. (In one embodiment, an 
automated process searches a master map database, looking for stale or outdated patches, 
based on predetermined criteria. Once found the stale image patch is preferably removed 
and an updated image patch is inserted in its place.). 

[0056] Fig. 3 illustrates a flow diagram of an inventive method according to one 
embodiment of the present invention. Image data is received into a system or process. 
The image data is embedded with image characteristics (step S10). Alternatively, the 
image is embedded with an identifier (index) for database interrogation. The embedded 
image data is then correlated or manipulated to conform to adjacent patches or to map 



requirements (step SI 1). In this regard, the correlation may either render adjacent 
patches to have approximate (e.g., similar or in a range of) imagery characteristics, or to 
have nearly identical imagery characteristics. Or the correlation may group neighboring 
patches into a set. A map is then generated or constructed (S12). (A map can be quilted 
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together to include many image patches. The digital watermark identifiers are used to 
correlate the image.). 

Geo-locators and Digital Watermarks 

[0057] Digital watermarking is now disclosed as a central element in a digital asset 
management system, particularly for photograph assets (including "digital images"). 
Copyright labeling, active copyright communications, marketing links, etc., have been 
explored in the watermark art. This section discloses how digital watermarking (and 
related database linking properties) and georeferenced photography inter-relate. In one 
embodiment, digital watermarking is used as a platform to simplify and transform 
georeferenced photography. 

[0058] Within the universe of subject matter for photography is what is broadly referred 
to as "remote sensing." For this discussion, remote sensing is defined to include all types 
of photography, which somehow images the Earth's surface or its landscape. Of course, 
while remote sensing may be facilitated with aerial platforms, such is not required. Add 
to the remote sensing class, all photography, which somehow has an innate connection to 
a location on the Earth - referred herein as "georeferenced photography." In the final 
analysis, virtually all photographs, one way or another, have innate geographic 
properties. (Even purely synthetic images are created by an author located 
"somewhere."). Most photographs, including swept-scan satellite imagery and radar, also 
including vacation snaps at, e.g., Niagara Falls, can be described as having innate, if not 
explicit, geographic properties. "Time" can also be included as an identifying property. 
(To simplify the discussion, the terms photograph, image, and photography are used 
interchangeably hereafter. Such terms may include remote sensing, georeferenced 
photography, image, imagery, photos, electronic images or imagery and/or aerial photo, 
etc., etc.). 
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[0059] Virtually all images can be referenced by a dimensional location vector (e.g., a 
"geovector") relative to the Earth's coordinate system. In a first embodiment, the 
geovector is presented as a six (6) element vector, including: 

Latitude; 
Longitude; 

Height/ Altitude (e.g., as compared to a mean-sea level sphere with an arbitrary 

time origin); 

Time (including date); 

Cardinal Direction; and 

Azimuth. 



[0060] The cardinal direction and azimuth elements can be used to determine a 
viewpoint depicted in a photograph (e.g., the azimuthal direction of a viewpoint for a 
given geo-position.). In a modification, cardinal direction and azimuth indicate the 
vantage point of the imaging sensor. In still another modification, azimuth and cardinal 
direction are used to represent other directional indicators. Of course, the cardinal 
direction can be used to orient an image depicted in the photograph. (Although the term 
"geovector" is introduced in connection with a six (6) dimensional vector, the present 
invention is not so limited. Indeed, a geovector is defined broadly herein to include 
information conveying location and/or directional specifying data, regardless of vector 
size.). 

[0061] In a modification to the first embodiment, a geovector includes "6+1" elements. 
The extra dimension can be multi-dimensional in nature, generally representing 
"sensor geometry." Sensor geometry is defined broadly herein to include a coherent set 
of optical (or electrical) sampling functions, e.g., corresponding to each pixel (or pixel 
block) and/or a microdensity region of a photograph. Of course, there is a variety of 
other types of sensor geometry, each associated with various rules on how the geometry 
is defined and how it affects the referencing parameters (e.g., latitude, longitude, height, 
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etc.). A common fonn of sensor geometry is a rectangular fan or pyramid centered on a 
camera's aperture, which can be used as a stand-in for many others forms. Of course, 
there are many other geometry forms known to one of ordinary skill in the art, which are 
suitably interchangeable with the present invention. 

[0062] The march of technological progress is transitioning more photography from the 
"innate" category to the "explicit" category through the use of global positioning system 
(GPS) technology and/or local wireless technologies. GPS can be used to determine a 
physical location (e.g., including properties of a geovector). As will be appreciated by 
those skilled in the art, GPS is a satellite-based radio navigation system capable of 
providing continuous position, velocity, and time information. GPS receiver units 
receive positioning signals from a constellation of satellites deployed in various orbits 
about earth (e.g., 12-hour orbits). The satellites continuously emit electronic GPS signals 
(or telemetry) for reception by ground, airborne, or watercraft receiver units. By 
receiving GPS signals from a plurality of satellites, a properly configured receiver unit 
can accurately determine its position in at least three dimensions (e.g., longitude, latitude, 
and altitude/height). Some GPS systems also provide compass-like functionality, in 
which cardinal direction and azimuth are determined. (Alternative methods can be used 
to determine a geovector. For example, many terrestrial-based stations emit navigational 
beacons that can be used to determine geo-location and relational-direction. Wireless 
systems may also be used to triangulate signals emitted from a mobile device. Such 
signals are collected at multiple receiving locations and based on the relative reception 
time and/or strength a geo-location is determined for the mobile device. Similarly, a 
mobile device can triangulate its position based on received beacons.). 

[0063] The georeferencing techniques discussed above and in the incorporated by 
reference patents and applications can also be used to determine geovector information 
corresponding to a location depicted in a photograph. (E.g., a GPS or wireless system 
can provide geovector information. Or geovector information can be obtained from an 
image capture device, among the other techniques discussed.). In one embodiment, 
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geovector data is obtained via an online (e.g., internet or network) database. A user 
simply enters in a street address or map-grid location, and the database returns 
corresponding geovector data (e.g., longitude, latitude, height, etc.). Or the geovector 
information is obtained from a user or agency based on human or computer analysis of an 
image. Artisans know other ways to determine and obtain geovector information. Of 
course, such other known techniques are suitably interchangeable with the present 
invention. 

[0064] Beginning with the area of remote sensing, and extending to all photography 
with an innate geovector, digital watermarking is extended to embrace this fundamental 
set of information inherent in each and every photograph. Just as a "copyright" is 
fundamentally a part of every photograph, so too is a "geovector" a fundamental part of 
every photograph, and digital watermarking can expressly convey this geovector 
information. 

[0065] Once obtained, a geovector is either contained in the embedded watermark 
information itself, or contained in a database to which the watermark represents a pointer, 
or both (see Fig. 4). Indeed, the geovector can be included in a watermark message or 
payload. In one embodiment, a watermark embedder performs error correction coding of 
a watermark's binary message (e.g., representing the geovector), and then combines the 
binary message with a carrier signal to create a component of a watermark signal. There 
are several error correction coding schemes that may be employed. Some examples 
include BCH, convolution, Reed Solomon, and turbo codes. These forms of error 
correction coding are sometimes used in communication applications where data is 
encoded in a carrier signal that transfers the encoded data from one place to another. In 
the digital watermarking application discussed here, raw bit data can be encoded in a 
fundamental carrier signal. It then combines the watermark signal with a host signal 
(e.g., a photograph). Further discussion for embedding messages can be found in 
assignee's U.S. Patent Application No. 09/503,881, mentioned above. Artisans know 
other embedding techniques that are suitably interchangeable with the present invention. 
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[0066] A watermark embedded within a photograph may serve as (or carry) a database 
index or pointer. For example, the watermark includes an index, which once decoded, is 
used to interrogate a database (see Fig. 5). The database preferably contains data records 
including geovector information. The watermark index is used to identify a 
corresponding data record for the respective photograph (e.g., the photograph in which 
the watermark is embedded within). Of course, the database may be local or may be 
remotely accessed. In one embodiment, the watermark includes data corresponding to a 
URL or IP address, which is used to access a website. See Assignee's U.S. Patent 
Application No. 09/571,422, mentioned above, for a further discussion of watermark- 
based linking. (The data may directly include the URL or may be used to access the 
URL.). A database associated with the website may be interrogated to retrieve the 
corresponding geovector information for a photograph. (In another embodiment, a 
watermarking reading device defaults to a URL or to an IP address, or queries a default 
database, upon detection of a watermark in a photograph.). 

[0067] In yet another embodiment, geovector information is redundantly provided in 
header structures and watermark payloads. 

[0068] Standardization efforts are currently underway, which are extending the idea of 
the geovector well beyond the examples presented above. See, for example, the Open 
GIS Consortium, an international consortium seeking to foster collaborative development 
of the OpenGIS Specifications to support full integration of geospatial data and 
geoprocessing resources into mainstream computing (http :// w w w . open gi s . org ) . (Of 
course, there are other known groups and companies focusing on geospatial and 
geographic information and services efforts. The "digital earth" concept is also known.). 
Such proposed standards have straightforward coordinate systems at their core. 



[0069] We have determined that the standardization proposals lend themselves to 
conveying georeferencing in several different formats, including conveying information 
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with digital watermarks, classic header structures, and pointer-to-elements in an 
associated database. Upon closer examination, however, we believe that our inventive 
digital watermarking techniques provide enhanced benefits when compared to these other 
techniques. 

[0070] In today's world, where photography is rapidly becoming digital, a method of 
securely attaching identifying information (e.g., geovector information) to a 
corresponding photograph is needed. Digitally watermarking photographs provides a 
solution for the attachment problem. As discussed, a watermark may provide geovector 
information (or access to such information). A photograph many even be redundantly 
embedded with multiple copies of a watermark, further ensuring robust attachment of 
information to the photograph. Contrast our digital watermarking procedure with a 
procedure, which appends geovector information via headers. Whereas headers may be 
able to provide geovector information, they have a higher chance of separation from the 
underlying data - defeating a secure attachment feature. 

[0071] Some of our inventive digital watermarking techniques involve a step of 
identifying a photograph (e.g., digitally watermarking a photograph with a binary 
identifier or a geovector) and, if using an index or identifier, storing information related 
to the index in some database or across a group of distributed databases. Adding a 
dimension of geovector information to the management of photographs results in a 
database or set of coordinated databases, which represent a searchable platform suitable 
for geographically based queries. The implications of such are tremendous. For 
example, a fisherman may search the database(s) for a photograph of a favorite fishing 
hole in Wyoming, based on a search criteria for a given time period, a range of time 
periods or by geo-location. The applications are endless - expanding far beyond 
dispelling fish stories. Friends of the fisherman may decode a watermark geovector or 
index embedded within the fisherman's watermarked photographs (e.g., by a compliant 
watermark reading device) to determine whether an area depicted in a photograph 
corresponds to a trout farm or to a high mountain lake — allowing "fish stories" to be 
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verified. This information is readily available via a geovector associated with the image. 
The fisherman can maintain a photo-journal of his fishing trips, knowing that the 
embedded watermarks provide sufficient information to help retrace his steps and travels. 
To aid this endeavor, digital cameras are envisioned to be equipped with watermark 
embedding software and geovector gathering modules such as GPS units. Or the 
geovector information can be added when images are stored in a database or processed 
after the fishing excursion. 

[0072] Digitally watermarking photographs helps to provide a collision-free serial 
numbering system for identifying imagery, owners, and attributes. 

[0073] There are additional benefits in creating a georeferenced system of images using 
digital watermarks. A classic notion in most standardizations across all industries is a 
notion of a "stamp" or "seal" or a similar concept of indicating that some object has 
successfully completed its appointed rounds. Call it branding, call it formality, or call it a 
soft form of "authenticity;" the historical momentum behind such a branding concept is 
huge. In one embodiment, to ensure that a given image is properly georeferenced (under 
a chosen standard), digitally watermarking the given image is a final step representing a 
formalized "seal of approval." The digital watermark itself becomes the seal. In one 
embodiment, a watermark identifier is obtained from an online repository, which issues 
and tracks authentic identifiers. The repository can be queried to determine the date and 
time of issue. Or the identifier can be linked to a seal or company logo. Software and/or 
hardware is configured to routinely read embedded digital watermarks and display an 
appropriate brand logo, seal, or certification. The "seal" itself then becomes a functional 
element of a standardization process, serving many functions including permanent 
attachment to standardized and dynamic metadata (e.g., a geovector). 

[0074] Photographs by their very nature can be inter-processed, merged, split, cut up, 
etc., and so forth, as described in the prior art. This tendency is especially applicable to 
various geo-referenced imagery applications where some data sets are merged and 
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viewed as derivative images. (See assignee's U.S. Patent Application No. 09/858,336, 
titled "Image Management System and Methods Using Digital Watermarks," filed May 
15, 2001, which is hereby incorporated by reference.). Tracking image pieces is a 
daunting task. We have found that digital watermarks, in many such applications, are a 
good way of coordinating and keeping track of highly diverse image components. For 
example, an image is redundantly embedded with multiple copies of a watermark 
including a geovector for the image. When the image is cut up (or merged, etc.), each 
image piece preferably retains at least one of the redundantly embedded watermarks. The 
watermark is then decoded to identify the respective image piece, even when the piece is 
merged or combined with other image pieces. 

[0075] A geovector may also provide sufficient information for stitching together map 
quilts, as discussed above, particularly if boundary or corner coordinates are provided. 
Instead of focusing on imagery characteristics, the map is quilted together based on the 
embedded geovector information. 

[0076] The present invention includes many applications beyond identifying and 
associating data with photographs. Now consider embedding a digital watermark in a 
particular region of a map or photograph (e.g., corresponding to a location for a fire 
hydrant, tree, road, building, lake, stream, forest, manhole, water or gas line, park bench, 
geographical area, stadium, hospital, school, fence line, boarder, depot, church, store, 
airport, etc., etc.). These region-specific watermarks preferably include unique 
watermark payloads. A watermark payload conveys geovector information (or map 
coordinates) corresponding to its particular region of interest. (E.g., a geovector 
corresponding to a fire hydrant reveals the hydrant's location in latitude/ longitude, etc. 
coordinates.). Now consider a modification in which, instead of uniquely watermarking 
individual map or photograph regions, a digital watermark is redundantly embedded 
throughout the map or photograph. In this modification, geovector information is 
conveyed via the redundant watermark payload for all fire hydrants' s depicted on the 
map or photograph. Alternatively, instead of a payload conveying such geovector 
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information, the payload comprises an index, which is used to interrogate a database to 
retrieve geovector information. (It should be appreciated that a fire hydrant is used for 
explanatory purposes only. Of course, other regions, structures, roads, land areas, bodies 
of water, buildings, etc. can be similarly watermarked.). 

[0077] In another embodiment, a utility company watermarks a map or photograph to 
include geovector information corresponding to specific depicted objects, such as power 
stations, transformers and even transmission lines. Such information assists in locating 
areas for repair or inspection. Additional information can be stored in a database 
according to its geovector. For example, a power line's capacity, age, maintenance 
record, or rating can be associated in a database according to the line's geovector. 
Commonly assigned U.S. Patent Application No. 09/833,013, titled "Digitally 
Watermarked Maps and Signs and Related Navigational Tools," filed April 10, 2001, 
hereby incorporated by reference, discloses various techniques for watermarking and 
reading maps. Such principles can be applied here as well. In another embodiment, a 
city, municipal, state or government agency digitally watermarks geovector location 
information on its maps and charts, corresponding to streets, country areas, buildings, 
manholes, airports, ports, water systems, parks, etc. 

[0078] In another embodiment, school age children carry bracelets, book bags, tags, ID 
cards, shoelaces, or necklaces, etc., each watermarked with geovector information 
identifying their home, parents work address or school location. When lost, the 
preschooler presents her bracelet (or other object) to a police officer, school official, or 
automated kiosk. The embedded watermark is decoded to reveal the geovector 
information. The child's home or school, or a map route, can be identified from such. 



[0079] Tags or collars for domestic animals or livestock can be geo-watermarked to 
assist in recovery when lost. 
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[0080] In still another embodiment, documents are embedded with geovector 
information. Consider embedding geovector data on a deed or property listing. 
Additional information regarding the property (e.g., title history, tax information, 
community information, recording information, photographs, etc.) is obtained via the 
geovector data link. For example, the additional information can be stored in (or 
referenced by) a database. The geovector data or other pointer serves as the index for the 
database. 

[0081] Geovector information can also assist in notarizing (or authenticating) a 
document. Data is embedded in the document, which may indicate the document time 
(e.g., date and time) and location of creation (or execution). Upon presentment to a 
compliant watermark-reading device, the embedded data is extracted and read for 
verification. 

[0082] In yet another embodiment, geovector information is the common factor, which 
binds information together. For example, information is stored according to its geovector 
information (e.g., according to creation geo-location, subject matter geo-location, 
ancillary relationship to a geo-location, etc.). Database searching for information is 
carried out via the geovector data. To illustrate, the database is searched for all 
information pertaining to a specific geo-vector (e.g., the Washington Monument). All 
data (or a subset of the data) pertaining to the geovector (e.g., the Washington 
Monument) is returned to the user. The data can include reports, web pages, maps, video 
and audio clips, pictures, statistical data, tourist information, other data, musings, related 
sonnets, governments information, just to name a few types of data. 



[0083] These are just a few embodiments and examples employing digital watermarking 
of geovector data. There are many other applications, which fall within the scope of the 
present invention. 
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Conclusion 

[0084] The foregoing are just exemplary implementations of the present invention. It 
will be recognized that there are a great number of variations on these basic themes. The 
foregoing illustrates but a few applications of the detailed technology. There are many 
others. 

[0085] For example, digital watermarks can be applied to any data set (e.g., a satellite 
image, or a map generated from the master database) for forensic tracking purposes. This 
is particularly useful where several copies of the same data set are distributed through 
different channels (e.g., provided to different users). Each can be "serialized" with a 
different identifier, and a record can be kept of which numbered data set was provided to 
which distribution channel. Thereafter, if one of the data sets appears in an unexpected 
context, it can be tracked back to the distribution channel from which it originated. 

[0086] Some watermarks used in the foregoing embodiments can be "fragile." That is, 
they can be designed to be lost, or to degrade predictably, when the data set into which it 
is embedded is processed in some manner. Thus, for example, a fragile watermark may 
be designed so that if an image is JPEG compressed and then decompressed, the 
watermark is lost. Or if the image is printed, and subsequently scanned back into digital 
form, the watermark is corrupted in a foreseeable way. (Fragile watermark technology is 
disclosed, e.g., in applications 09/234,780, 09/433,104, 09/498,223, 60/198,138, 
09/562,516, 09/567,405, 09/625,577, 09/645,779, and 60/232,163. Each of these patent 
applications is hereby incorporated by reference.) By such arrangements it is possible to 
infer how a data set has been processed by the attributes of a fragile watermark embedded 
in the original data set. 

[0087] Certain "watermark removal" tools can be built to alleviate visibility or 
processing problems in cases where unacceptable impact of a digital watermark is 
identified. This can either be a generic tool or one highly specialized to the particular 
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application at hand (perhaps employing secret data associated with that application). In 
another embodiment, a "remove watermark before analyzing this scene" function is 
included within analysis software such that 99% of image analysts wouldn't know or care 
about the watermarking on/off/on/off functionality as a function of use/transport. 

[0088] As will be apparent, the technology detailed herein may be employed in 
reconnaissance and remote sensing systems, as well as in applications such as guidance 
of piloted or remotely piloted vehicles. Once identified from a map or photograph, 
geovector data can be uploaded to such vehicles. 

[0089] To provide a comprehensive disclosure without unduly lengthening this 
specification, applicants incorporate by reference, in their entireties, the disclosures of the 
above-cited patents and applications. The particular combinations of elements and 
features in the above-detailed embodiments are exemplary only; the interchanging and 
substitution of these teachings with other teachings in this application and the 
incorporated-by-reference patents/applications are expressly contemplated. 

[0090] It should be understood that the technology detailed herein can be applied in the 
applications detailed in the cited DEM patents, as well as in other mapping and image (or 
audio or video or other content) asset management contexts. (Likewise, the technologies 
detailed in the cited patents can be advantageously used in embodiments according to the 
present invention.) 

[0091] While a geovector is described above to include, e.g., "6+1" dimensions, the 
present invention is not so limited. Indeed, a geovector can include more or less vector 
elements, depending on the referencing precision required. (To illustrate, altitude may be 
immaterial when other geovector coordinates are provided. Or a camera sensor geometry 
(e.g., "+1") element may not be needed to uniquely identify a location or to account for 
sensor geometry. Alternatively, a map identifier or locator can be included to achieve 
similar functionality instead of a geovector. In other cases, where only rough referencing 
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information is needed, providing only longitude and latitude coordinates may be 
sufficient. Of course, in the event that geospatial or geography information and services 
standards are formalized and/or updated, the geovector can be formatted to include the 
reference locators described in that standard. Similarly, instead of a geovector, geo- 
coordinates or other location information can be provided via a watermark or watermark 
index.). 

[0092] There are many embodiments discussed herein which may benefit from the 
inclusion of two different watermarks. For example, a first watermark may include 
information regarding (or pointing to) geovector information, while a second watermark 
includes a database identifier or location. The second watermark may alternatively 
include (or point toward) information pertaining to events, people or animals identified in 
the photograph, occasions, groups, institutions, copyright ownership, etc. Or the 
embodiment may include both a robust geovector watermark and a copy-tamper fragile 
watermark. 

[0093] While particular reference was made to Digital Elevation Models and albedo 
maps, the same principles are likewise applicable to other forms of maps, e.g., vegetative, 
population, area, thermal, etc., etc. 

[0094] While one of the illustrated embodiments correlated incoming imagery with a 
projective image based on the master DEM/map, in other embodiments a reference other 
than the master DEM/map may be used. For example, a projection based just on part of 
the historical data from which the DEM/map was compiled can be used (e.g., one or more 
component data sets that are regarded as having the highest accuracy, such as based 
directly on ground truths). 



[0095] Although not belabored, artisans will understand that the systems described 
above can be implemented using a variety of hardware and software systems. One 
embodiment employs a computer or workstation with a large disk library, and capable 
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database software (such as is available from Microsoft, Oracle, etc.). The registration, 
watermarking, and other operations can be performed in accordance with software 
instructions stored in the disk library or on other storage media, and executed by a 
processor in the computer as needed. (Alternatively, dedicated hardware, or 
programmable logic circuits, can be employed for such operations.). 

[0096] Certain of the techniques detailed above find far application beyond the context 
in which they are illustrated. For example, equipping an imaging instrument with an 
optical shutter that imparts a watermark to an image finds application in digital cinema 
(e.g., in watermarking a theatrical movie with information indicating the theatre's geo- 
location, date, time, and/or auditorium of screening). 

[0097] The various section headings in this application are provided for the reader's 
convenience and provide no substantive limitations. The features found in one section 
may be readily combined with those features in another section. 

[0098] In view of the wide variety of embodiments to which the principles and features 
discussed above can be applied, it should be apparent that the detailed embodiments are 
illustrative only and should not be taken as limiting the scope of the invention. Rather, 
we claim as our invention all such modifications as may come within the scope and spirit 
of the following claims and equivalents thereof. 



